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(54) SEMICONDUCTOR MEMORY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
memory in which binary data can be stored dynamically 
using a small number of signal lines by employing a 
simple transistor structure as a memory cell. 
SOLUTION: An MISFET is formed using a p-type silicon 
layer 13 formed on a silicon substrate 11 while being 
isolated by an insulating film 12 as a floating channel 
body. The MISFET comprises a main gate 15 formed on 
the surface of the channel body in order to form a 
channel, and an auxiliary gate of an n+ type layer 18 
being coupled capacitively with the rear surface through 
the insulating film 12. The MISFET is a perfect depletion 
type and dynamically stores a first data state where a 
large number of carriers are stored on the rear surface 
of the channel body 1 3 and a second data state where a 
large number of carriers are discharged to the rear 
surface of the channel body 13 with reference to a state 
where the channel body 1 3 is depleted perfectly by an 
electric field from the main gate 15 and a large number 

of carriers can be stored on the rear surface of the channel body 13 by an electric field from 
the auxiliary gate 18. 
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SftLfc^ + ^jK^-fOffilOWW ( = - q • N A • 

t S i ) •?£>£,, 

[0 032] ffisBby- h HEEVbq*^> 

3©MB(c£»*i.y7 (iETL) tffl$«2K£ltt 

HEE{i« f "J =i >« 1 3 ©H®*>e>©idiB,y- h K «fc * 40 

bp%. boxu 2<ommt 

BGK£Vbg©flfC0c&L''C, L*l>tf*JE#3E*>&. C 
<D«^©L/#C>fii=&Vthdep4-rn«. TIBSSt2 CC«fc t» 

[0 0 3 3 ] 

[St2] V thdep= V thacc- (Cbox/Cox) / (1 + 
Cbox/Csi) • (Vbq-Vbqacc) 
[0 034] CCt. VbqaccW. Is 'J a >® 1 3 ©K 

y- hSBEVbq©fii-C&«5. iilTO^if.hS. so 
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[00 3 5] 

[ffc3] Vbqacc=4> Ft -Csi/Cbox- 2tf f -Qdep/ 
2Cbox+ (1+Csi/Cbox) • <*>bs 
[0036] CCT, «pbstti/ y 3 >Jf 1 3 ©S®<D^ 

■c*ft#i»rt>*«mw«trtt. <pbsi=ov-c& 
a. cotftRtt. iy- k y n>n 1 3 &5z±&2. 

r. - 1 " z&mz&Mdimvbbi. — 
"0" 9*-*fc*ft&Mgtttl. ogytf? but** 
*)\,#?4 ©p nS^'feJIB^CC-'tT-Y^U. SfiSft 
-COfcSHfc* * y T (iETL) *3l*St«f»-C, i^ffifii 

5&»6 -r 6 u fcKart « . ->i)3>ii3 ©as© ^ > 

->vJU<pbstt. 0V-Ctt&<> A©ffi{t&S.' c© 
" 0 " £tKJ&©f y 3 >J11 3 (DmWOTtif-l'ls + 
Jb#bs£, (,>$©*&£•. *\s-*sa><D& 

<*>bs0=-l. 5 7x^ f iift5„ 
[0 0 3 7 ] &±©5££ffll>-£\ tox=10nm. t BO 
X=30nm. tSi=25nm. NA=1. 0x10 
"cm- 3 , mu <3 0 OK) ©fg£K:o(,>T. UtlMfi 
Vt h4ffif»y-h11ffVbq©W<fc£5fc«>£4. H7© 
*§S#*iie>ft£o C©07 2p6, Vbq*i-3VJ:«)tiE 
ffiiJtc&Sti^tt, ^tSt++yr (IE7L) *i->'j3>H 

Kflco. y*y«siw^SLfti/>. ep^ "i" 7=-^ 
sssn*c4^< > afcw: Ku-f v-* 

[0 038] VbcrSr- 3VJ;yfilK:A#< L/TKP< 4, 

mm*?- h fflij^e>©mwc j: y + <)t (jetd *i 
iL/t<5. cmt su©m*^fntf, vbcp&5-3v 

<fcO^:#i^4^(c«. c©-bJ^ji«#mB^*i??fiE 

L/ff^tC^^^t^SI (^±^^b«^) ZU-Ol>\ Vbq 

sg(c®^-rsc4*. : aiftO'c^-s„ c©*Sfjafcffl*£ 

tf ^> ^ A % D R A M -fe 4 6 X f Uffl b /c © AS C ©16^ 
©S^"C*?>4i,^C4^-C#-S. BP%, f?S©iE©^ 

y- hmiiv f g 4^©ffl«jy- hmeEv bgsw 
"i - r-zzmzLmzvm (v t h*s«^t^) 
{*^^«js-r*> y . " o " f^fig ( v t h j&^t^ 

mm ^ -t*fc#wast«fii-c* or, c <Dtm\t&mmm& 

ttlit "1" 5*-* (CRS^S^-C*^„ 
[0 0 3 9 ] y%>jJftfE*. liBfty- hmffiVb 

"0" t 1 -^. "l " ^-^^tc^tfe+f 
r (ie?l) *^®^n/ct*;s§«:L-ctf ^4f n«. ft-^ 
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[0 04 0] 

[$[4] AVt h= (Csi/Cox) • A<f>bs 
[0 04 1 ] Atfbstt "0" ^tfljii "1" 

0. m^mZttiXZItZtcltolCiZ* Csi<hCox©it» # 
tox/tsi*** < A<*>bs£;*;£ 

-C©^fr. 0" r-*S#i£*B#©f? 

& -f * * K-r *u* sum*** ctzmfcux^ 

[0042]®[4*'^e.^J:<t5iC, C©ICJfe©Jf£*J 
©^*y©t§£ttfl^fiii. PDIMISFET^i^ 

-Ct>ftt,>. Cox?:/Jn2< > fi£oty- hK{b®J?tox£ 

DSM I S F E T ©*&£«*> a - h * + >* Jl/J^a**: 

tox«/5<m*j | ic^ 

[0043] CftJcfctLT. FD32MI SFET£ffll> 

{C^#-r5<Dt?> toxtt/?<g:S-r£t£7&iDlt&£fc 20 
5. *fc. flBWftfcJi'C. (f#M*H ox/ t Si©*CC(£ 

C ©It 3 iffioj; 5 fcttWRMYTtiKHB-W* 

[0 0 44] HBSHC. 2^7t:©7 i ^'-YX>'5 ^.U— >a 

^^y-fB. y-hIL = 70nm, h^b 
iHtox=10nm 1 BOX®/? t BQX= 3 Onm, 
yn>®/ltSi= 2 5 nm. 7*-te7'£i&KNA= 1 . 30 
0X10" cnr\ Vbg = -5VT*?>. 
[0 045] i8(t "0" 54 bm\ztft< "0" y 
-K*fT-»fc*§£T*«). 09 Ci. "1" 

-h£-4 va><=> l v&cScfc±tf, CtUcaftT FW 
>£0V#>6"1. 5VfC3l£Ttft\ "0" r-Zm 
*&fr*'ir'>xm>* ^L/t, y-h*-4VtcRL. 
KU-Y>£tetl:0VK:KUfc£ -Y 5>^2. 5E-0 8 

%±lfCtt*WU*lTr>-C«,»4. 40 
[0 046 1 090^, y- F&-4V*>e, 1 VJCSt 
*±»f, CIUCjWvCFW>*0V*»J&1. 5VK1E 

r. y-h£-4V{CRl/. F U -Y>*««0 VtcRU 
fc^-Y5>^2. 5 E-0 8#f ; -*G5i#tKag£^l>-C 

4. 

[0 0 4 7 ] 08ROl9«:fcl>t. TK-r-^^aiL/T 
7T*OTl,>-2>©«. ^-r^Jl^f 5 •/©**£ (?■■»• >*^fi 50 



#•?-;/£/ +ji'e&i,'C(.»&. 01 ow. -en-en©^ 

Uium), FU-f>«StI d s -y-h«EEV* s»tt 
-C^>0. IdsO, I d s OrtJ-5- ti-eti. "0" h 

/ >j - f . " i " 7 -f f/ y - KB*©l#ttr**. W± 

<Dl£Mk&tb, T^-if^WL/^om^fiAV t h«5 0 

[0 04 8] 01 ltt. »«jy-h«EVbg*SWfcS 

"0" 7=-#©V thOi "1" f-fOV t h lOi 
fijy-h^EVb g&#tt£^bTl>£. CWi. SIS 

[0049] [£*©)£« 2 ] 0 1 2 tt, J?iJ©HS6©fl5 

twlTOS. C©Hii©Jg»-Ctt» BOXB120T 

i*«*>i&A,r. cn^rfiisjy- hiufc4)©-c*s. 

[005 0] [HJfe©J&5i 3]H13», J3"J©IIS6©J1S 
<&(Cj:&^*y-te.>Mt>t£, H12«C«l63tttmLt 
C©H»©»»rtt. BOX®12*W<. *© 

rt»tc*i»y--Fift*^*sa^y 3>iz 1 =&ats:u 

[005 1 ] [ilSi©J^SS4 ] 0 1 4(t 01 3©1#jg 

«fl|]0>(c3E^i/]^itt©^flrc«4. c©n»©?$g-c 

«. BOX® 1 2icm.tb&gti&&1&gkis0 =»>JS2 1 

TO-S. 0ia B a i"J3>@2 1li 1 V-F^rSjCCi^ 
g)5. Mils'?- F&F-7-^#KH3nSfflJ£J5#fflJ© 

jsa$r. 3>^^h7"7y2 0icj:f)fflitoy-hSBEv 

b e©EniJniBT-CC«itt3n4. 
[0 05 2] ft*. H14K7n*-J:9«c, »8&y-h* 

^h?-/ -fwcfmit zmmt. 04 ©n*s©^ss©fit 

tM 1 8 ^0 1 2 ©HJ6©0SI©*ifeS^ y 3>I2 1 

[005 3] [sete©».« 5 ] C C *"C<Djm<DJ&mV 
tX. MI SFETilT, MflBiWK^tMWB 
SRSn^mSM 1 S FETWcii, *«ffi<b^i[^ 
[filter •fr^^^RST-S^M I SF ET«:ffl^4C<b 

-€-©e*nis©^©2^*y^^a5©»r® 

^it*0 1 5tc^T. 

[0054] pI->'J3>IIS3 l©±®(CnMJ13 2 
*«?htte»), C©nS13 2±©^t'Jt;l/i 
«tc. t4tt©pS->y3>@3 3*«''«*->3e«S*ir 
nS§3 2«, ±y*y-feJU©ftiiy-X£!i 



13 

f 4 ■€$>*), •€•©— JIMtcy- hjfi^^3 5 5r/M/T>Ff 

CC-C«m«r-6^*UH2Jl'MC*^iKjy-h3 8 
£ftWT-2>*§££^OT<,>-2>. ±y- h 3 6RO'*iB&y 
- h 3 8 K^ti-eti, 7-K8WLRt;^U-h8PL 

tux, -^(c^fu-c^Wicie^sn-s. §p1 

'J 3>I33 ©±ffiK:B K U-f >ffiffcJI 3 4 *Jfl5fiSS 

[0055] c ©n«s<Dj&sg©i§£k . p =i >m 

3 3 <DB2 miSfoom) RV*m»i§&*mA,VF D 

[0 056] [^Jfi<D^6 ] 0 1 6 B. mmA I S F 

ffifl&y-h*. fflSJ61BtcB»|8iiS-tfr. 0WB©J6fflfF 
•jOgB^CCfcfttiJS-tfSJrS CCUfcfe<DT*4. B0X1 

1 2<DJgg|5fcp'M4£f()ai 8*sj&$3*Trtr>S0U:. 20 
04£l5H£T&-2>#» B0XI12ttft,>. *Ct. 0 

16©7- F^WLfC?9o/c»riBtC^L/fc<fc^(C, BO 

x@ i 2 i^cc. pgi/ y n >b i sojsawHfflKy- h 
2*a»iiA-cc>s. ccm ansa?' •;=«»■ 2 2 

B. pS!I^'J3>S1 3<DMI']ica«bii*^Ttef3. JS 

gp^n'SffifiJtn 1 8tc^3nri^„ se^-c. 

S^';3»12 2^. p©^y 3>«1 3<DJSgP5:?fS 
ifS-^ic J: 9 S^iKBT^ffifttjy- h t ft 
[0 0 5 7] C ©H*6<DJf^c J; -5T %<V$m<Dlti. 30 

ixaXc^OHfiESnfc,. JWTiC> •€-(D3;&7U©7V'W 
X~>5 ^ U-^3>©^?r^-r o A^y-£B, y- 
hSLRO'V- h"HW^L=W= 0. 175um, 
-HIJ©y-hK{tJl«toxf=6. 5nm, ? + 
#-?-r(DT^-fe7^?(iSNA= 1 . OxiO'cm"'. 

£y- h i 5Rvnm*- v 2 2 n »a*MrA2' 

3>> fliffijy- HEVbg = -4V > fflEfty- hCPJCD 
y- h&{tl&/?toxb= 1 5 nnu ^ U 3 >H 1 3 <DJ? 
3 t S i = 1 4 Onm, BOXif t BOX = 2 00 n 40 
m-C^-S. ffflffi©^ifeJir> 3>®2 2B, ^ + *.»UjJ< 

[ 0 0 5 8 ] 0 1 7 1 8 B^n^ft. SISSOJfcJS 

KDHsaD^gcc^fe-rs. M o" ^-f v/v-fr. 
if " i " h/y- K©lOT«»r**. 0 i 

9B. 01 0(c^tlt.-r-5^aiL/B#©KH'>«ijSl d 
s - y- h SEV g s iftteT* 5 . c <Dmt&<oBB-c<D 
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ft#fi«< AV t h = 2 5 OmVT&ofc. 

[0059] c c * x?<Dmm<Dfim?iz. p sh> 3 > 

^^tSf t*;l/^f-<4^onf t^JUVIl SFET 
%mwc. ctitcttor. ^SfftlcW8»*#*ftt»K 
tt->';3>4ft*^*'f ^ t-T-SM I SFETifflt,^ 

vz*&y>miu:£ * j&no^is^ft ificmm? a - 

*Hi£#ft < ft 0 . y- £G3#!&teB|gfc:5fc§3 ia&. 
M I SFETCLtl^IV t h ZsEOmiCTZ-tciblC 
B. £y- KCp'S^i"J3>4ffiC>5Ci« 
§g(Cft£,, flU L-t^ffiVth^v-ftXtiot 

^y- hKn-^MB^'J^^^ffl^-cfccfci^ 

[00601 020(1 X&^ , ;=>>£^ + *;l'#y-* 
i Ltffl^fcM I S F E T©1#^<D " 0 " . " 1 " 
&<Dl,%^mv t h 0. V t h 1 iffiffijy- hmJEVb 

g<Dm%znw-Ltdfem&m 1 1 tc^i&^-ii-c^Lrt,^ 

5„ C<Di#^ p'S^*SS.VU3>y-h?:iS^L/-C 
[0 06 1]ffl«iy-HEVbg©I(t "i"y- 

Vbg4, "0" ^-^-te-iKD? 1 ? ^JU^y^JC^^^t 
+ + VT*iSS-C#Sfii (02 0-CB. Vber = -2 
V) ctDfcfiWJtc-r^i^ Mav t h 

"o" y-£Hz;b©^ + *.>i'#y-f ft©KU''f>. v- 

6B. "o" y— £ Hz ;u© jusjcy-* b. 

§a s nft i >££fflz«» i ft ^> Jz ^ ccr c l im* 

IA>„ ^o/c«f>K:B < tiflfty-h^EVb gtt, "0" 
y- jkd?- + ^ ;u^y -< -r »; r*^S3 n 

ifiti , " i" y- £ -fe;KD^ f * ju**y -< tc^ss:^ -c 

{C02OCDife^6B. -2. 0V<Vbg<0. 5V 

©©Htcts^r-So flu. y-^^^rad^^sns 

[±®0ffiJ:»3^*< <kti*©tr**i«. "0" y-*-fe 
[00621 XK, C^WCCjr-SDRAM^SSJjtr* 

rkc w s sffl y w ^ ' f 7 ^ - * <o b e> o # &c s 

^tt^fiij^Pi^'Si. iX©^l©J:^fcft^. 
[006 3] 
[f!U ] 
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tox, BOXMJltBOX. >J!/P t S i <D§£ 

(flfcStl/T. VbgOtt, "O" x-^-feJKDJKfw (C 

f-aBESrmU Vb g 1 «. " 1 " f-^-feJKDJtf 20 

Z<mtiZ3kt¥fr?>> Vbgs=VbgO+ (Vbgl 
-VbgO) xo. 2 5%mt, fOi#© "0" f 1 - 
ifWl/SOlVthOi, " 1" -r-#-tr;KDL# 
OffiV t h 1 . mc^tihOm&V t h5r^U-C(,^ 0 
[0065] il*e>, t ox= 1 0 nm± 20%. t 
BOX= 3 0nm± 3 3%. tSi=25nm+40% 30 

est*- 3. 5 V 6. 7 5V©Bi^M. $ 

tc. "0" f-f©t;^iVthOB7 10mV-l 
8 0 0mV. "1" f-*OL-#UfiVthlB4 10 
mV- 110 0 mV©lit^ttt4. 

[0 0 6 6] cne.©^Si?rffi)^-sci*ifig-c*^c 
<®purt,^^ Hfigtt± 1 o%fig©^«j«*Off 

BEVbgsi. L^fiiVthO. Vth 1 ©^HbJCff 40 
5. #ti^*B#© , 7- KjtOi^U-^l'^EVWLHW. 
f^WLBSO^-K^OIIBEVWLHR. «^©-7- 

i> 5>^t5cit>tst*i. t cne>©^7^-^ 



[00 67] ffilfcy- hmBEV bgsi, ±&<D7- F 
ilfiVWLHW/VWLHR/VWLL©!- 'J 5>f 

tCiESTS. jlS'M^tCCCD^XhfflMI SFETK 

-^or. "o" ■f-$mz&&/m&tiii,Ru i "\" f 

-■■$iW$&fr/WifrtiiL&l : rl\ -e©MI SFET0 3 

mmm.i£-coL$<<>mv tho, vthi 

OigLT, &jf©fflig&y- rHEEVb g s ZmzTZo 
[0068] ^ * >; * * »f&£#**7Jffl 

sn-c ^*y^f7'rt©fflgjy-h«i£issi5]^ v 

WLHW/VWLHR/VWLLf© 1 ?- K^E^4 

[0069] [mn<DBmi<D-b)i<Tisjm&] mz 1 

h-C&D, 02 2. H2 3RI>'02 4«fn^n. S2 
1©I-I' .ii-ii' S^ni-iii' »r®0-c*S„ 
SO I*S<D P ^>y 3>il 3«, S2 3SO'S24 
GCTjrr <fc 5(C. STI (Shallow Trench 
Isolation) te«fcOS#&2ftfcf^#5§iiSifi 

h^^^o^T-ff^^iO'CKiiisns. firs 

pM^';3>Jl 1 3(C. V-X 1 6SCXKU^> 1 7?r 

**veftt 9 h^i^oc^-rsM 1 s f e Tt?J±wr 
•sm-cig»©M I S F E TAiie^JJfMSnS. 
[0070] y-Hgl51J. 7-FSWLtL/t. 

e» h^BLiii^Tr^isicca^tciBtasns. y 
-n@i stDiffiRf/ffl'jffii*^ 3 >^ftig 1 0 1 -c 

"7- K^WL^rSjCCM^M I SFET<DV-X1 6 
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*&mmm? z&mv-zm ( s d i o 2 

y n o-c^j&sns. juvi&*hi 0 3±(c. 

1 0 5AiffiK3n£„ m®>?- b toxowmmi 8 

[0 0 7 1 ] V- K^WLRO*^? h*gB L^S/Mmi 

Jl/ffiSitt. 0 2 1 {C-MMWTin Uc<fc *> tc. 4F'i 

ft*. 10 
[0072] [«t©»«5»K©-b^TU-f1Wi] 0 
2 5 tt. 015 KS;fcfc;U$^£^Lfc^;fe©ff285*j- 
^.©Mftft&^JWT W©WT? bT3>9. 02 6S. 
#02 7tt^-ft-e4v 02 5©I-I' Rtfll-II' K 

«*6llSI®3 9#i£at>jA£ft-5. C©»*WR3 9fc:, "7- 

U 3>13 3©MMHCcy- 5. 3 7 20 

ZftLXttfaTZlEy- h 3 6SO'fflffey- b 3 8#S 
fiM££ft£. h 3 6RO'«BJjy- b 3 8«. 02 

[0073] y-h«fi^35. 375*. l§JD0J»iT 

- h 3 8 ®±ISD ! ffi)l»-> 'J 3 >&i\M 1 i o -cs*> 
fttcVmt? 6 . * LT. ^'Jn >JM 3 3 ©±fflCC F U 
-f > 3 4 %t£RJgfiSOfc«. JMMJMMU 0 ^Mmvc 30 
»Pa^»J84 0K3>5f^h^5^1 2 2£S«> 
<e©_Bctr* h«H (BL) 4 l&Kt&UT. •bJl' 

[0 0 7 4] 02 5tC^«fc5lC, T'lz-hSPLtt. 

-5«fc5(C. 2*© 1 ?- Fi^WLti:«$nfc1*S|-CB2S:S 
ftTO*. "7- FJRWLRCf^U- l-iPL07-{>/ 

l/C. C©SB»©»«©»^ #fii2JUffi«W> 6F 1 

[0075] [^aojBgseMfCo-fe^ru-fWii] 0 

2 8tt, 016 KS#Hz;MgM£^Ofc^S6©ff*Si5 *t 
j£©mf*W&-feJV7W©U-f 7"7 hTS>»). 029. 

03oru*03 ni-en-en. 02 8© i - r . n- 

II" RO'III-III" »iffi0-C*S„ 02 8^029© 
i$^Tb-ffSB, 02 l&tf02 2£|sHrC&S 
t» MtBL<hM*Tl/T. &t: * M£BL©ll8Rg§|5 
CCfiliBjy- h i ft *^*§JI^ y = >* 2 2 il 

3>g2 2B. p §2-> y =J >Jf 1 3 ©l9J®/ggWc*fftT 5( 
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4igKiC±®jWi§"3"£.J:5K. BOXJS 1 2|*9&dStf> 

[0 07 6] [j»*»J^»^MHa»] CCS-CCC. -fe 
;UTW©$i*CT£5&HJ0fc#, JlfflSK^^A-Cpt* 
>;^^7 - ©^ffilHl8S*^i, 03 2© e fcMcft£ <> ^ 
■=fc'J-fe;VT U"< 2 0 1 ©£y- FStt. 
p-77*3-# (7- F* K 2 0 5&CJ:*) 

siRigft;* ft&„ ^ * y -fe^r u a 2 o i ©tr ? vmt 

•fe>^T>7*2 0 2tCg8ffi3ft. *7Af3-^20 3 
K«t0jMiR3n/c*7A©fcff hPf-i"<?77 2 
0 4 fe/l'Ut I /OJS-fi"?** - 5'iSS* s tft>ti'5. TF 
UXft#(i. T FI/^»7t 2 0 6tCA^3tl. 

rFbx, *7A7Kux«n-enn')7 ! 3-^2o 

5. *7Af3-^2 0 3Ki0f 
[007 7] o>>f3-if20 5t^l/tWU^© 
9- P,ii5SS»SEVWL (fuifi©«fc 5 
tC, tftjA^BtOiSL-^JU 1 ?- F^EEVWLHW. ^ 
&aiUII#©'7- KSSSIIVWLHR. fi^FB$©igW^ 
■7- Fi®^EVWLL%^tf) . RO'ffiffljy- He-**;*. 

fflt^crtSP^I^[5IS§2 0 7«:j:0^Sn-5. ^BE 
SilHliS2 0 7 ©aJ73mi££^ » 7*fftc«illi«:i93£f 
s/cAtc. fflwtsse u^**2 o 9*^we.n-ci»5. 
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